Tetramethylammonium and tetraethylammonium ions both lower the melting temperature of DNA.
INTRODUCTION
It has been suggested that transcription of double helical DNA templates by RNA polymerase may involve unwinding the double helix (1). This question is still not settled (2) although light scattering (3), ultra centrifugation (4) and other studies (5, 6) support this hypothesis.
Recently, it has been shown that tetraalkylammonium ions destabilise the double helix (7) and we have therefore studied the effect of such ions on the activity of RNA polymerase.
MATERIALS AND METHODS
RNA polymerase (E.C. 2.7.7.6) was extracted from E. Coli M.R.E. 600 cells (M.R.E., Porton Down, Salisbury) as far as Fraction 5 of Burgess and Travers (8) . SDS-polyacrylami.de gel electrophoresis showed it to be greater than 95% pure.
RNA synthesised was estimated from the amount of 8-H AMP (Radiochemical Centre, Amersham) incorporated into acid precipitable material in 10 min. at 37°C.
The assay mix contained in a volume of 250 nl 40 mM Tris HC1 pH 7.9, 12 mM MgCl 2 , 1 mM MnCl 2 , 0.1 mM EDTA, lmM dithiothreitol, 0.8 mM each of ATP (6.1O 5 cpm), GTP, (both from Boehringer, Mannheim), CTP and UTP (both from PL Biochemicals, Wisconsin) and 0.4 mg of DNA (calf thymus from Sigma, Kingston upon Thames and M. Lysodeikticus from Miles-Seravac, Maidenhead) and an appropriate amount of monovalent cation (see Results). The reaction was initiated by addition of between 1 and 2 units of enzyme, and terminated by the addition of 500 \il each of 0.2 mg/ml bovine plasma albumin solution and 12.5% trichloro acetic acid solution containing 2j% tetrasodium pyrophosphate. The precipitate was filtered on glass fibre filters (Whatman GF/C), washed with 5% TCA containing 1% pyrophosphate and methylated spirits and dried under an infra red lamp. The precipitate was dissolved by heating with 500 |il hyamine hydroxide at 60 C for 40 min.
Samples were then counted in 10 ml of 0.5% diphenyl oxazole in toluene.
Initiation of RNA synthesis was estimated by the method of Krakow and Fronk (9) in which PP. was incorporated into ATP, CTP and GTF, and the charcoal bound radioactivity was measured by liquid scintillation counting as above.
Melting curves of DNA were measured on a Unicam SP 8000 spectrophotometer connected to an SP 876 Series 2 Temperature Programme Controller.
Heating rates were 0.25 -0.5 C per minute and absorbances monitored at 260 nm. T n (f-*) were determined by the method of Melchior and
Yon Hippel (7). RESULTS At monovalent cation concentrations greater than 0.3 K there is a stimulation of RNA synthesis in the presence of TKA or TEA compared with KC1 ( Fig. 1 ) when calf thymus DNA is used as a template. There was no difference in This lack of a significant difference may be explained by the fact that a difference of only 1.4 kcal. mol
give rise to a 10 fold rate difference.
-1 would
It is known that at temperatures below 17 C there Table 1 . Effect of tetraethylammonium chloride on initiation of RNA synthesis. Assays were performed as described in the text. ATP, CTP and GTP were used as initiating nucleoside triphosphates. is a temporal lag before RNA synthesis starts (6) and this lag has been attributed to the relative difficulty of unwinding the double helix. Fig. 3 shows that at 10°C the presence of TEA in place of KCl decreases the length of this lag. It has been reported (12) that preincubation of RNA polymerase with poly d (A-T) or phage T2 DNA template substantially reduces the inhibition caused subsequently by the antibiotic rifampicin.
We have studied the comparative effects of TEA and KC1 during preincubation of RNA polymerase with calf thymus and M. Lysodeikticus DNA on the subsequent inhibition by rifampicin. At salt concentrations of 0.48 M and over periods of preincubation at 12 C of up to 80 min we did not observe any decrease in the inhibition produced by 0.5 nM rifampicin. This agrees with recent results by Mangeland Chamberlin (13) who have shown that there is no rifampicin resistant confirmation present in binary complexes, only after initiation has occurred.
The concentrations of ions used by Melchior and von Hippel (7) are considerably higher than those used here. We have therefore determined the melting behaviour of DNA at concentrations of 0.36 M and 0.60 M monovalent ions. Table 2 shows that TMA and TEA still destabilise GC rich DNA more than they destablise AT rich DNA. Table 2 . Effect of TMA and TEA on the melting of DNA.
Methods are as described in the text. The above results may also form a basis for the assay of the "unwindase" activity of RNA polymerase.
